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ABSTRACT 

PROBLEM TO BE SOLVED: To manufacture a thin film semiconductor, having 
excellent crystal I izabi I i ty, easily and accurately at low cost by a method 
wherein a porous layer is formed on the surface of a semiconductor 
substrate, a semiconductor film is grown thereon, and the porous layer is 
exfoliated from the semiconductor substrate. 

SOLUTION: A porous layer 12 is formed on the surface of a semiconductor 
substrate 11 by anodizing the surface of the semiconductor substrate 11. An 
Si semiconductor film 13 is formed on the porous layer 12 by epitaxial ly 
growing. External force is applied to between the semiconductor substrate 
11 and a supporting substrate 61 in the direction which pulls apart them. 
Separation is made on the highly porous layer 12 or in its vicinity, and 



the semiconductor film 13, where an integrated circuit is formed, is 
exfoliated from the semiconductor substrate 11 together with the supporting 
substrate 61. Accordingly, a flexible semiconductor film 13, which is 
formed in deposition on the flexible substrate 61, is formed and a thin 
film semiconductor can be produced in high volume at low cost. 
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[Problems to be solved] To obtain a thin film semiconductor easily and reliably at low cost 
[Solution] A step of changing a surface of a semiconductor substrate into a porous layer, a 
step of forming a semiconductor film on the porous layer, a step of peeling the 
semiconductor film from the semiconductor substrate with the porous layer therebetween, 
5 and a removal step wherein the porous film remaining on the above-mentioned 
semiconductor substrate in the porous layer is removed by etching are taken. 
[Scope of Claim] 

[Claim 1] A manufacturing method of a thin film semiconductor, comprising the steps of: 
changing a surface of a semiconductor substrate into a porous layer, 
10 forming a semiconductor film on the porous layer, 

peeling the semiconductor film from the semiconductor substrate with the porous layer 
therebetween, and 

removing a porous film remaining on the semiconductor substrate in the porous layer by 

etching using a chemical. 
15 [Claim 2] A manufacturing method of a thin film semiconductor according to Claim 1, 

wherein electrolytic etching by anodic oxidation is conducted after the step of removing 

the porous film remaining on the semiconductor substrate by etching. 

[Claim 3] A manufacturing method of a thin film semiconductor according to Claim 4, 

wherein the chemical is a liquid mixture of hydrofluoric nitric acid, a liquid mixture of 
20 hydrofluoric nitric acid and acetic acid, or a liquid mixture of hydrofluoric nitric acid and 

hydrogen peroxide water. 

[Claim 4] A manufacturing method of a thin film semiconductor according to Claim 1, 
wherein the semiconductor film formed on the porous layer is an epitaxial semiconductor 
film. 

25 [Claim 5] A manufacturing method of a thin film semiconductor according to Claim 1, 
wherein a step of peeling the semiconductor film from the semiconductor substrate with 
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the porous layer therebetween is taken, after a circuit element or an integrated circuit is 
formed on the semiconductor film. 

[Claim 6] A manufacturing method of a thin film semiconductor according to Claim 1, 
wherein the semiconductor substrate comprises Si, SiGe, GaAs, or GaP. 
5 [Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a manufacturing method of a thin 
film semiconductor that can constitute an elemental semiconductor device comprising a 
semiconductor element such as a thin film transistor, for example, or various 
10 semiconductor devices such as a semiconductor integrated circuit (IC) comprising a 
plurality of semiconductor elements, an integrated circuit card, a solar battery, and the like. 
[0002] 

[Related Art] When various semiconductor devices such as an elemental semiconductor 
device, a semiconductor integrated circuit, an integrated circuit card and a solar battery are 
15 constructed, equipments can be miniaturized, by making the thickness thereof thin enough, 
and light-electricity conversion efficiency is improved in the case of a solar battery. 
Further, by being made a thin film so as to be flexible, various equipments can be 
constructed easily, and used beneficially. 
[0003] 

20 [Problems to be solved by the invention] The present invention provides a manufacturing 
method of a thin film semiconductor that can be obtained easily and reliably at low cost, 
for the above-mentioned objects. 
[0004] 

[Means to solve the Problems] A manufacturing method of a thin film semiconductor 
25 according to the present invention comprises a step of changing a semiconductor substrate 
surface into a porous layer, a step of forming a semiconductor film on the porous layer, a 
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step of peeling the semiconductor film from the semiconductor substrate with the porous 
layer therebetween, and a removal step wherein the porous film remaining on the 
above-mentioned semiconductor substrate in the porous layer is removed by etching. 
[0005] According to the above-mentioned manufacturing method of the present invention, 
5 the porous layer is formed in the semiconductor substrate surface, and the semiconductor 
film is formed thereon. Then, the semiconductor film is peeled from the semiconductor 
substrate, taking advantage of a decrease in intensity in the porous layer, so that the peeled 
semiconductor film constitutes a thin film semiconductor. Therefore, the thickness can be 
controlled by the thickness of the semiconductor film, and a thin film semiconductor that is 

10 thin enough and flexible for example can be structured. 

[0006] According to the manufacturing method of the present invention, the semiconductor 
thin film is formed on the porous layer formed in the semiconductor substrate surface, and 
it is separated in the porous layer. Further, in the present invention, the semiconductor 
substrate that is used for fabricating the thin film semiconductor in the above-mentioned 

15 method is used again as a semiconductor film, that is, a semiconductor substrate for 
fabricating a thin film semiconductor by repeating the same method. That is, the 
above-mentioned peeling of the semiconductor film is conducted in the porous layer, and 
in the case where the peeling occurs in the porous layer instead of at the interface between 
the porous layer and the semiconductor substrate in the film thickness direction thereof 

20 (The interface with the semiconductor substrate indicates the interface with the part of the 
semiconductor substrate where is not porous.), a part of the porous layer remains on the 
peeling surface of the semiconductor substrate, after the semiconductor film is peeled. In 
this case, in the present invention, the porous film remaining on the semiconductor 
substrate side is removed by etching. Therefore, in the case of using this semiconductor 

25 substrate again, especially in the case where this semiconductor substrate surface itself is 
also changed into a porous layer, a porous film is removed, and the semiconductor 
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substrate surface becomes clean surface with excellent crystallinity. So, a porous layer 
can be formed as a porous layer having predetermined porosity, with high repeatability. 
In addition, as for a semiconductor film to be formed thereon, a stable semiconductor film 
with high repeatability, having objective characteristics, that is, a thin film semiconductor 
5 can be structured. 

[0007] Therefore, according to the manufacturing method of the present invention, a thin 
film semiconductor can be manufactured easily and reliably, in large quantity, at low cost. 
[0008] 

[Embodiments] Embodiment modes of the present invention will be described. In the 
10 present invention, a semiconductor substrate surface is changed by anodic oxidation for 
example, so as to form a porous layer. The porous layer comprises two layers or more 
with different porosity each other. Then, a semiconductor film epitaxially grows on the 
porous layer surface, and a circuit element or an integrated circuit is formed thereon. 
After that, the epitaxial semiconductor film is peeled from the semiconductor substrate 
15 with the porous layer therebetween, so that an objective thin film semiconductor device is 
manufactured. 

[0009] On the other hand, the semiconductor substrate left is used repeatedly for 
manufacturing the above-mentioned thin film semiconductor again. Especially in the 
present invention, before the re-use, a removal step, wherein a porous film remaining on 

20 the semiconductor substrate in the porous layer is removed by etching is conducted. 

[0010] This step of removing the porous film remaining on the semiconductor substrate is 
taken by etching using a chemical and electrolytic etching by anodic oxidation after that. 
As the chemical for the etching, a liquid mixture of hydrofluoric nitric acid, a liquid 
mixture of hydrofluoric nitric acid and acetic acid, or a liquid mixture of hydrofluoric nitric 

25 acid and hydrogen peroxide water can be used. 

[0011] Further, the semiconductor substrate whose thickness made thin by being used 



repeatedly can be used as a thin film semiconductor by itself. 

[0012] In a step of forming a porous layer, a layer with low porosity is formed facing the 
surface, and a layer with high porosity is formed in a side close to the semiconductor 
substrate, which is not made to be porous, that is, an interior side. 
5 [0013] Further, in a step of forming a porous layer, for example, a surface layer with low 
porosity, and a middle porosity layer that is formed between the surface layer and the 
semiconductor substrate, whose porosity is higher than that of the surface layer, and a high 
porosity layer that is formed in the middle porosity layer or under the middle porosity layer, 
that is, an interface with the semiconductor substrate that is not made to be porous, whose 
10 porosity is higher than that of the middle porosity layer can be formed. 

[0014] In the anodic oxidation for forming a porous layer, a step of anodizing the 
semiconductor substrate surface with low current density and after that a step of anodizing 
with high current density are taken. 

[0015] Furthermore, in the anodic oxidation, a step of anodizing the semiconductor 
15 substrate surface with low current density, a step of anodizing it with middle low current 
density that is slightly higher than this low current density, and a step of anodizing it with 
higher current density than this may be taken. 

[0016] Additionally, in the anodic oxidation, the anodic oxidation with high current density 
enables energization with the high current density to be performed intermittently. 
20 [0017] Furthermore, in the anodic oxidation for forming a porous layer by the anodic 
oxidation with middle low current density, the current density can be increased 
progressively. 

[0018] The anodic oxidation can be performed in an electrolytic solution containing 
hydrogen fluoride and ethanol, and in an electrolytic solution containing hydrogen fluoride 
25 and methanol. 

[0019] And in a step of the anodic oxidation, when the current density is changed, 
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composition of an electrolytic solution can be changed, too. 

[0020] After forming the porous layer, it is preferable to heat it in a hydrogen gas 
atmosphere. And after forming the porous layer, it is preferable to thermal-oxidize the 
porous layer before the heating step in the hydrogen gas atmosphere. 
5 [0021] A semiconductor substrate can use a semiconductor substrate which comprises, for 
example, a Si single-crystal, polycrystal, SiGe, GaAs, and GaP, according to a 
semiconductor film to be formed thereon, in other words, to be formed on the porous layer 
in the surface of this semiconductor substrate. For instance, when a thin film 
semiconductor by a compound semiconductor is formed, a compound semiconductor 

10 substrate is used as a semiconductor substrate. In case of making the compound 
semiconductor epitaxially grow on this porous layer, a thin film compound semiconductor 
having good crystallinity can be formed because a lattice mismatch can be reduced as 
compared with, for example, the case of making the compound semiconductor epitaxially 
grow on a Si semiconductor substrate. In any of semiconductor substrates comprising 

15 SiGe, GaAs, GaP, or the like, the porous layer can be formed on the surface by the anodic 
oxidation. 

[0022] The configuration of the semiconductor substrate can adopt various kinds of 
constitution. The various kinds of the configuration become possible by an ingot such as 
in a shape of a wafer, namely, discoid, or in a shape of cylindrical object by single-crystal 

20 pulling having a substrate surface of curved surface. 

[0023] In addition, the semiconductor substrate can be constructed by a semiconductor 
substrate doped with an n-type impurity or a p-type impurity, or by a semiconductor 
substrate including no impurity alternatively. However, when the anodic oxidation is 
performed, it is preferable to use a semiconductor substrate of the low specific resistance, 

25 doped with the p-type impurity at high concentration, that is, a p + -type Si substrate. 
When the p + -type Si substrate is used as this semiconductor substrate, it is desirable to use 
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a Si substrate to which the p-type impurity, for example, boron B is added by about 10 19 
atoms/cm 3 and whose resistance is around 0.01 to 0.02 Qcm. And when this p + -type Si 
substrate is anodic-oxidized, a pore lengthened approximately in vertical direction with the 
substrate surface is formed, and a desirable porous layer is formed, because of becoming 
5 porous with maintaining crystallinity. 

[0024] As described, the semiconductor film epitaxially grows on the porous layer made to 
be porous with maintaining crystallinity. This semiconductor film can be constituted of a 
single-layered semiconductor film, and it can be constituted of multitiered semiconductor 
films of two layers or more. 

10 [0025] As described above, the semiconductor film epitaxially grown on a semiconductor 
substrate is peeled from the semiconductor substrate. However, before this peeling, for 
example, after connecting a supporting substrate comprising a flexible resin sheet on the 
semiconductor film and integrating this supporting substrate with an epitaxial 
semiconductor film, the epitaxial semiconductor film with the supporting substrate can be 

15 peeled from the semiconductor substrate with the porous layer formed in this 
semiconductor substrate therebetween. 

[0026] This supporting substrate cannot be constituted only of a flexible sheet but also a 
glass substrate, a resin substrate, or a transparent printed wiring board which is, for 
example, flexible or stiffness so-called firm (rigid) necessarily printed-wired. 

20 [0027] In a semiconductor substrate surface, a porous layer comprising two or more layers 
differing in a porosity rate is formed. A porous layer in the top surface is formed as a 
minute porous layer whose porosity rate is comparatively small, and an epitaxial 
semiconductor film can be brought up well on this porous layer. And in addition, inside 
of this surface layer, namely, in the lower layer side, by forming a porous layer whose 

25 porosity rate is comparatively high along substrate face, mechanical intensity is diluted by 
making its own porosity rate higher, or fragility is increased by a distortion based on 



difference in the lattice constant of this porous layer from one of other, and therefore 
peeling, namely, separating the epitaxial semiconductor film can be performed easily in 
this layer. For example, a porous layer which is fragile in the degree of being separated 
by an ultrasonic wave application can be formed. 
5 [0028] In the layer having high porosity rate, which is formed inside of the surface of the 
porous layer, the higher the porosity rate thereof is, the easier it is peeled. However, if 
this porosity rate is too high, the peeling may be generated or the porous layer may be 
damaged before the above-mentioned peeling of the epitaxial semiconductor film is treated, 
and therefore, the porosity rate in this layer having high porosity rate is set at a range of 
10 40 % to 70 %. 

[0029] In addition, when the layer having high porosity rate is formed in the porous layer, 
the distortion becomes bigger as the porosity rate grows, and the effect of this distortion 
extends to the surface layer of the porous layer, and thus a crack in the surface layer may 
be generated. And when the distortion affects the surface of the porous layer in this way, 

15 a crystal defect is generated in a semiconductor film for epitaxially growing thereon. 
Thus, in the porous layer, between the layer having high porosity rate and the surface layer 
having low porosity rate, an middle porosity rate layer having middle porosity rate which 
is higher porosity rate than one of the surface layer and is lower porosity rate than the high 
porosity rate layer is formed, as a buffer layer relieving the distortion. And thus, the 

20 porosity rate of the high porosity rate layer is increased enough to surely peel the epitaxial 
semiconductor film described above, and formation of the epitaxial semiconductor film 
which is superior in crystallinity becomes possible. 

[0030] The anodic oxidation for making the semiconductor substrate surface porous can be 
performed by the public method, for example, in surface technique Vol. 46, No. 5, pp. 8 to 
25 13, 1995 [an anodic oxidation of porous Si] by Ito and the others. In other words, it can 
be conducted by a double-cell method shown by the contour block diagram in FIG. 7, for 
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example. In this method, an electrolytic solution tank 1 of a double-tank structure having 
the first and the second tanks 1A and IB is used. And a semiconductor substrate 11 in 
which a porous layer should be formed is disposed between each tank 1A and IB, and 
either of twin platinum electrodes 3A and 3B which are connected to direct current power 
5 supply 2 is disposed in the each tank 1A and IB. The first and the second tanks 1A and 
IB of the electrolytic solution tank 1 respectively hold an electrolytic solution 4, for 
example, containing hydrogen fluoride HF and ethanol C 2 H 5 OH, or containing hydrogen 
fluoride HF and methanol CH 3 OH. And in the first and the second tanks 1A and IB, the 
semiconductor substrate 11 is disposed so that each face thereof contacts with the 

10 electrolytic solution 4. And the each electrode 3A and 3B is disposed, with soaking in the 
electrolytic solution 4. And the direct current power supply 2 is connected, making the 
electrode 3A side soaking in the electrolytic solution 4 in the tank 1 A on the surface side to 
form the porous layer of the semiconductor substrate 11 as a cathod, and then electric 
conduction is performed between the each electrode 3A and 3B. And thus, the feed is 

15 performed, assuming the side of the semiconductor substrate 11 to be an anode side and the 
electrode 3A to be a cathode side, and therefore, the surface opposed to the electrode 3A 
side of the semiconductor substrate can be eroded and becomes porous. 
[0031] It becomes unnecessary that an ohmic electrode is deposited and formed on a 
semiconductor substrate according to this double-tank cell method, and this prevents an 

20 impurity from introducing into the semiconductor substrate from this ohmic electrode. 

[0032] And a structure of the porous layer to be formed is considerably changed by a 
selection of a condition in this anodic oxidation, and this changes the crystallinity and the 
peeling property of the above-mentioned epitaxial semiconductor film to form thereon. 
[0033] In an anodic oxidation disposal, a multistage anodic oxidation method of two 

25 phases or more, whose current density is different, is adopted so that a porous layer 
comprising two or more layers and which is different in the porosity rate is formed. 
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Specifically, first, the first anodic oxidation is conducted with low current density, for 
forming a porous layer whose porosity rate is low, that is, having low porosity rate which is 
comparatively minute with a pore having a small aperture in the surface. The anodic 
oxidation is conducted with enough time to make the desired film thickness, because the 
5 film thickness of the porous layer is proportional to time. After that, if the second anodic 
oxidation is conducted with considerably high current density, the porous layer with the 
high porosity rate, whose porosity rate is high, is formed in the downside of the porous 
layer with the low porosity rate formed first. In other words, at least, a porous layer 
having the low porosity rate layer whose porosity rate is low and the high porosity rate 

10 layer whose porosity rate is high is formed. 

[0034] And in this instance, a big distortion is generated near an interface area between the 
porous layer having the low porosity rate and the porous layer having the high porosity rate 
by a difference in each lattice constant. When this distortion becomes larger than a 
certain value, the porous layer separates in two. Thus, if the porous layer is formed under 

15 an anodic oxidation condition around a boundary condition whether the separation by this 
distortion or by depressions of mechanical intensity by the porosity rate is generated or not, 
a semiconductor film brought up on this porous layer, for example, the epitaxial 
semiconductor film can be separated easily with this porous layer therebetween. 
[0035] In this case, the first anodic oxidation having the low current density is conducted, 

20 for example, using a p-type silicon single-crystal substrate of 0.01 to 0.02 Q cm, in case of 
HF : C 2 H 5 OH = 1:1 (volume ratio at the time of a solution with 49 % HF and a solution 
with 95 % ethanol) (hereinafter, similar), with low current density around 0.5 to 10 
mA/cm 2 , for several minutes to dozens of minutes. In addition, the second anodic 
oxidation having the high current density is conducted, for example, with current density 

25 around 40 to 300 mA/cm 2 for 1 to 10 seconds, preferably for 3 seconds. 

[0036] In the first and the second anodic oxidation with two phases described above, as the 
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distortion which occurs in the high porous layer inside of the porous layer considerably 
grows big, this distortion affects the surface of the porous layer. In this instance, a crack 
is likely to generate, or a crystal defect is likely to generate on the epitaxial semiconductor 
film to be formed thereon as described above. Thus, in the porous layer, between the 
5 surface layer with the low porosity rate and the high porosity rate layer, a middle porosity 
rate layer whose porosity rate is higher than one of the surface layer and whose porosity 
rate is lower than one of the high porosity rate layer is formed as a buffer layer for 
relieving the distortion to occur thereby. Specifically, at first, the first anodic oxidation of 
low current density is conducted, and next, the second anodic oxidation of slightly higher 

10 current density than the first anodic oxidation is conducted, and then, the third anodic 
oxidation of considerably higher current density than them is conducted. It is preferable 
to conduct them under conditions that the first anodic oxidation, whose condition is not 
limited in particular, is less than about 0.5 to 3 mA/cm 2 , and the current density of the 
second anodic oxidation is, for instance, about 3 to 20 mA/cm 2 , and the current density of 

15 the third anodic oxidation is, for example, about 40 to 300 mA/cm , when a p-type silicon 
single-crystal substrate of 0.01 to 0.02 Q cm is used and HF : C2H5OH = 1 : 1 is used as an 
electrolytic solution, for example. For instance, a porosity rate becomes around 16 % 
when an anodic oxidation is conducted with current density of 1 mA/cm 2 , a porosity rate 
becomes around 26 % when an anodic oxidation is conducted with current density of 7 

20 mA/cm 2 , and a porosity rate becomes around 60 to 70 % when an anodic oxidation is 
conducted with current density of 200 mA/cm 2 . If an epitaxial growth is performed on 
the porous layer on which the anodic oxidation like these is conducted, an epitaxial 
semiconductor film which is superior in crystallinity can be formed. 

[0037] In addition, as mentioned above, when the anodic oxidation with the current density 
25 of three phases is conducted, the surface layer having low porosity rate, which is formed at 
the first anodic oxidation, just keeps the low porosity rate, and the middle porosity rate 
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layer, namely the buffer layer, having slightly higher porosity rate, which is formed at the 
second anodic oxidation, is formed inside of the surface layer, namely in an interface 
between the surface layer and a semiconductor substrate not to be made porous, and thus, 
the porous layer has two layer structure of the surface layer and the middle porosity rate 
5 layer. And although the principle is unclear, when the current density is around 90 
mA/cm or more, the high porosity rate layer having high porosity rate, which is formed at 
the third anodic oxidation described above, is formed inside of the middle porosity rate 
layer formed in the second anodic oxidation, namely an intermediate part in a direction for 
a thickness of the middle porous layer. 

10 [0038] In addition, in forming the middle porosity rate layer, the anodic oxidation that 
forms this middle porosity rate layer is conducted in multistage or gradually under a 
condition that, for example, flowing current density is changed, and therefore, between the 
low porosity rate surface layer and the high porosity rate layer, the middle porosity rate 
layer, whose porosity rate is getting raised in phase or on a slant from the surface layer to 

15 the high porosity rate layer side, is formed. This enables the distortion between the 
surface layer and the high porosity rate layer to be relieved more, and the epitaxial 
semiconductor film whose crystallinity is preferable more surely can be epitaxially grown. 
[0039] Now, a separation face can be formed at an interface between a peeling layer having 
high porosity rate, to be performed at last and the buffer layer having low porosity rate, to 

20 be performed just before that, by giving the distortion greatly according to a difference of 
lattice constant, but in this last anodic oxidation, devising makes the separation face easier 
to separate. It is a method for conducting electricity intermittently in the last anodic 
oxidation of high current density. For instance, it is how electricity is not conducted 
constantly for 3 seconds, but it is how the anodic oxidation is stopped once after the 

25 electric conduction for 1 second, and after passing a necessary time, for example, after 
leaving it unattended for around 1 minute, the electricity is conducted for 1 minute again at 
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the same or the different high current density, and the anodic oxidation is stopped, and also, 
after passing a necessary time, for example, after leaving it unattended for around 1 minute, 
the electricity is conducted again for 1 second at the same or the different high current 
density and then the anodic oxidation is stopped. By using this method, when the suitable 
5 condition of the anodic oxidation is chosen, the peeling layer is formed in the interface 
with the semiconductor substrate, namely at the bottom of the porous layer, and the 
separation face is separated not inside of the middle porous layer like the above, namely 
the buffer layer, but at the interface with the semiconductor substrate of the porous layer. 
And the surface of the semiconductor substrate side is electropolished. 

10 [0040] In this case, the high porous layer in which a distortion is generated in the porous 
layer is maximally estranged from the surface, and the middle porosity rate layer exerts the 
buffer effect to the maximum, and thus, the epitaxial semiconductor film having good 
crystallinity can be formed. In addition, as described, because the middle porous layer is 
formed only on the surface side, the thickness of the whole porous layer can be reduced, 

15 and the reduced thickness of the semiconductor substrate for forming this porous layer can 
be reduced, and then a count in the repeated use of this semiconductor substrate can be 
increased. 

[0041] Thus, selecting the condition of the anodic oxidation enables the distortion to be 
taken greatly in the separation face, and furthermore, it can prevent this distortion from 

20 affecting the epitaxial growing side of the semiconductor film. 

[0042] In addition, it is preferable that a pore becoming a core of crystal growth in the 
surface layer of the porous layer is made small in order to epitaxially grow the 
semiconductor with the preferable crystallinity on the porous layer. There is a method for 
increasing HF density in an electrolytic solution in the anodic oxidation as one of methods 

25 making the pore of the surface layer small as described above. In other words, in this 
case, first, an electrolytic solution having high HF density is used in low-current anodic 
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oxidation to form the surface layer. Next, the middle porosity rate to be a buffer layer is 
formed, after that, the HF density of the electrolytic solution is decreased, and then anodic 
oxidation having high current density is conducted last. This enables the pore of the 
surface layer to miniaturize, and therefore, an epitaxial semiconductor film having 
preferable crystallinity can be formed thereon, and furthermore, the epitaxial 
semiconductor film can be peeled well, because the porosity rate can be increased 
adequately in the high porosity rate layer. 

[0043] In reference to change of an electrolytic solution in the anodic oxidation of this 
porous layer, for example, in forming the surface layer, the anodic oxidation is conducted 
with using an electrolytic solution of HF : C 2 H 5 OH = 2 : 1 as an electrolytic solution for 
instance, and in forming the middle porosity rate layer as a buffer layer, the anodic 
oxidation is conducted with using, for instance, an electrolytic solution of HF : C2H5OH = 
1 : 1 which has slightly low HF density, and furthermore, in forming the high porosity rate 
layer, the anodic oxidation of high current density is conducted with using, for instance, an 
electrolytic solution of HF : C 2 H 5 OH = 1 : 1 to 1 : 2 whose HF density is made much 
lower. 

[0044] In addition, when current density is changed in the transition from the formation of 
the surface layer to the formation of the middle porosity rate layer, the porous layer stated 
above can be formed, by adopting a procedure starting to conduct electricity for the next 
anodic oxidation after stopping the anodic oxidation once, or by changing the current 
density in succession without stopping the anodic oxidation once, namely without stopping 
the electric conduction. 

[0045] And the anodic oxidation is preferably conducted in the dark place where light is 
intercepted. The reason is why depressions are increased on the surface of the porous 
layer and it becomes difficult to obtain an epitaxial semiconductor film which is good in 
crystallinity if the light illuminates it. 
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[0046] In addition, the porous layer of the silicon in which the anodic oxidation is 
conducted can be used as a visible light emitting element. In this case, on the contrary of 
the above description, it is preferable to conduct the anodic oxidation with emitting the 
light, and this makes luminous efficiency rise. Further, blue shift happens in wavelength 
5 on oxidizing it. In addition, a semiconductor substrate, which may be p-type or n-type, 
preferably has so high resistivity that it does not introduce impurity. 

[0047] The semiconductor substrate of which the porous layer is formed in the surface (one 
side or each side) can be obtained by the above-mentioned step. In addition, a film 
thickness of the whole porous layer may be, which is not limited in particular, 1 to 50 tt m, 
10 preferably 3 to 15 U m, and usually about 8 Mm. The thickness of the whole porous 
layer is preferably thin as it can, in order to employ the semiconductor substrate as 
repeatedly as possible. 

[0048] In addition, it is preferable to anneal the porous layer before a semiconductor film is 
formed on the porous layer. Heat treatment in the hydrogen gas atmosphere, namely 

15 hydrogen annealing can be given as the annealing. When this hydrogen annealing is 
performed, a natural oxide film formed on the surface of the porous layer can be removed 
completely and oxygen atom in the porous layer can be removed as much as possible, and 
thus the surface of the porous layer becomes smooth, and an epitaxial semiconductor film 
having good crystallinity can be formed. Simultaneously, by this pretreatment, the 

20 intensity of the interface between the high porosity rate layer and the middle porosity rate 
layer can be weakened further and an epitaxial semiconductor film can be peeled from the 
substrate more easily. For example, the hydrogen annealing in this case is performed in a 
temperature range of around 950°C to 1150°C. 

[0049] In addition, if low temperature oxidation of the porous layer is performed before the 
25 hydrogen annealing, the interior of the porous layer is oxidized. Hence, even if the 
thermal annealing is performed in the hydrogen gas atmosphere, the structure of the porous 
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layer is not changed drastically. In other words, a distortion from the peeling layer is hard 
to transmit to the surface of the porous layer, and an epitaxial semiconductor film of good 
quality in crystallinity can be formed. The low temperature oxidation in this case can be 
performed, for example, at 400°C in dry oxidative atmosphere for around 1 hour. 
5 [0050] And as mentioned above, epitaxial growth of a semiconductor is performed on the 
porous layer surface. In this epitaxial growth of the semiconductor, the epitaxial growth 
on this porous layer is possible because the porous layer formed in a surface of a 
single-crystal semiconductor substrate keeps crystallinity in spite of being porous. This 
epitaxial growth on the porous layer surface can be performed, for example, at a 

10 temperature of 700°C to 1100°C, for example, by a CVD method. 

[0051] In addition, in either the hydrogen annealing described above or the epitaxial 
growth of a semiconductor, as a method for heating the semiconductor substrate up to a 
predetermined substrate temperature, the so-called susceptor heating method can be 
adopted, or an electric conduction heating method for heating it by applying the electric 

15 current to the semiconductor substrate in itself, or the like can be adopted. 

[0052] A semiconductor film to grow on the porous layer may be a single-layered 
semiconductor film or a bilayer semiconductor film by lamination of a plurality of 
semiconductor layers. In addition, this semiconductor film may be the same substance as 
the semiconductor substrate or the different substance from that. In using a single-crystal 

20 Si semiconductor substrate, various kinds of epitaxial growth can be performed, for 
instance, Si, a compound semiconductor such as GaAs, or a silicon compound such as 
Sii- y Ge y epitaxially grows on the porous layer formed in the surface, or these are combined 
suitably and are laminated. 

[0053] In addition, an impurity of n-type or p-type can be introduced into the 
25 semiconductor film on the occasion of the growth. Alternatively, after forming the 
semiconductor film, the impurity can be introduced entirely or selectively by ion 
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implantation, ion diffusion, or the like. In this case, the conductivity type, the density, 
and the kind of the impurity are selected in response to the purpose of the use. 
[0054] In addition, the thickness of the semiconductor film can be selected suitably, 
depending on the use application of a thin film semiconductor. For instance, when a 
5 semiconductor integrated circuit is formed in the thin film semiconductor, for example, it 
can be formed in thickness of about 5 Mm, because an operation layer of a semiconductor 
device has a thickness of about several l± m. 

[0055] There are depressions slightly on the surface of the epitaxial semiconductor film 
obtained as described above. And it is preferable to polish the semiconductor film 

10 surface, when such a disadvantage is generated as precision in mask alignment of an 
exposure equipment in exposure treatment for photo-resist is disimproved, for example, in 
a photolithography step performed in a step for forming a circuit element or the integrated 
circuit to this semiconductor film. In this case, the weak polishing is performed so that 
this porous layer does not suffer from a load, because the porous layer is brittle and weak. 

15 [0056] Next, when a semiconductor device is constituted, a circuit element or an integrated 
circuit is formed in a semiconductor film. For instance, a semiconductor element such as 
DRAM (Dynamic Random Access Memory) or CMOS (Complementary Matal (sic) Oxide 
Semiconductor), or the integrated circuit combining with these elements is formed. The 
circuit element and the integrated circuit can depend on the general semiconductor 

20 manufacturing technique. The manufacturing can be applied to all circuit elements or all 
integrated circuits which can be formed on the semiconductor substrate by using a 
diffusion furnace, an ion implantation equipment, an exposure equipment, a CVD 
(chemical vapor deposition) device, a sputtering device, a washing apparatus, a dry etching 
equipment, an epitaxial growing device, or the like. In addition, for example, a solar 

25 battery can be constituted by the circuit element or the integrated circuit which is each 
semiconductor device such as diode or transistor, a digital or analog IC, a flash memory, or 
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the like, regardless of a distinction of the kind, for instance. 

[0057] Thus, it is desirable that the whole thin film semiconductor device in which the 
circuit element or the integrated circuit is formed on the semiconductor film is covered 
with an insulating layer. 

5 [0058] Thus, after the circuit element or the integrated circuit is formed, a supporting 
substrate is connected with this semiconductor film, namely the thin film semiconductor 
device. For example, the kind of this supporting substrate is not limited to a resin 
substrate, a glass substrate, a metal substrate, a ceramic substrate or the like. For instance, 
it may be stuck on a flexible substrate or a cover sheet which constitutes a IC card, so as to 

10 constitute the IC card. In addition, some supporting substrates can form a circuit element 
or an integrated circuit, which can be constituted by a printed wiring board or the like. 
For example, a junction method of this supporting substrate can depend on junction by 
adhesive agent, solder, an adhesive or the like. And the junction intensity is junction 
intensity more than intensity for peeling, which is performed later with the porous layer 

15 later therebetween, namely the junction intensity enough that the junction is not destroyed 
by the power required for the peeling. And the attachment agent is used, which has 
adhesive strength so that the semiconductor film integrated with this supporting substrate 
can be peeled from the semiconductor substrate. 

[0059] In this way, after integrating the supporting substrate with the semiconductor film, 
20 this is peeled from the semiconductor substrate by internally breaking the porous layer. 
This peeling is realized easily in the high porous layer, in the porous layer having the high 
porous layer. 

[0060] In some cases, the porous layer remains in a peeled face of the semiconductor film 
peeled from the semiconductor substrate in this way and this porous layer is removed by 
25 polishing, etching or the like if desired. In addition, it may be just undisturbed without 
removing. Alternatively, a protective film may be attached, or a protective substrate, for 



example, a resin substrate may be stuck, in order to protect the peeled face. 
[0061] The thin film semiconductor produced as above or the semiconductor device 
thereby is what a circuit element or an integrated circuit is formed on a thin film 
semiconductor by a semiconductor film by the epitaxial growth, which is extremely thin, 
5 and can be applied to electronic devices such as portable devices, for example, including 
the IC card by using a characteristic to be flexible and to be light, and is adapted to small 
and frivolous quality of late years. 

[0062] On the other hand, the surface of the semiconductor substrate separated is polished 
and is used again. For instance, the thickness of the substrate consumed for 

10 manufacturing a thin film semiconductor device once is about 3 to 20 l± m, and thus, the 
thickness consumed by the use of 10 times repeatedly is about 30 to 200 l± m. Therefore, 
in the method of the present invention, a thin film semiconductor device can be produced 
extremely at low cost and low energy, because a semiconductor substrate of an expensive 
single-crystal can be used repeatedly. In addition, if the epitaxial growth corresponding 

15 to amounts of consumption is performed on the semiconductor substrate surface, the same 
semiconductor substrate can be used forever, and the thin film semiconductor device can 
be produced further at low cost and low energy. 

[0063] Next, embodiments of the present invention are given to explain. However, the 
present invention is not limited to the embodiments. 

20 [0064] (Embodiment 1) FIG. 1 and FIG 2 show process drawings of this embodiment. 
First, a semiconductor substrate 11 of a wafer by single-crystal Si, whose specific 
resistance is assumed, for example, 0.01 to 0.02 Q cm by adding boron in high 
concentrations is provided (FIG. 1A). In addition, anodic oxidation is conducted to the 
surface of this semiconductor substrate 11, and a porous layer is formed in the surface of 

25 the semiconductor substrate 11. In this embodiment, the anodic oxidation is conducted 
with the anodic oxidation device of the double-tank structure explained in FIG 7. In 
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other words, the semiconductor substrate 11 by the single-crystal Si is arranged between 
the first and the second tanks 1A and IB and HF : C2H5OH = 1 : 1 is injected in each tank 
1A and IB. And electric current is applied between Pt electrodes 3A and 3B, which are 
soaked and arranged in an electrolytic solution 4 in each electrolytic solution tank 1 A and 
5 IB by a direct current power supply 2. 

[0065] First, low-current with current density of 1 mA/cm 2 is applied for 8 minutes. 
Thus, a surface layer 12S that constitutes the porous layer of 1.7 U m in thickness, having 
pores whose apertures are small and whose minute porosity rate is 16% is formed (FIG 
IB). If the pore in the surface of the porous layer is small, the surface of the porous layer 

10 becomes flatter and smoother by H 2 annealing which is performed later, this is effective in 
improving crystallinity of a Si epitaxial semiconductor film which epitaxially grow thereon 
later. After that, electric conduction is stopped once. Next, electricity with current 
density of 7 mA/cm 2 is conducted for 8 minutes. And thus, a middle porosity rate layer 
12M of 6.3 l± m in thickness, whose porosity rate is 26% which is higher than the porosity 

15 rate of the surface layer is formed under the surface layer 12S (FIG 1C). After that, 
electric conduction is stopped again. Next, electricity is conducted for 3 seconds, 
increasing current density to 200 mA/cm 2 . Accordingly, a high porosity rate layer 12H of 
about 0.05 Mm in thickness, whose porosity rate is about 60%, which is higher than the 
porosity rate of the surface layer 12S and the middle porosity rate layer 12M is formed 

20 inside of the middle porosity rate layer 12M, namely as sandwiched by the middle porosity 
rate layer 12M (FIG ID). In this way, the porous layer 12 is formed with the surface 
layer 12S, the middle porosity rate layer 12M, and the high porosity rate layer 12H. 
[0066] As for the porous layer 12 formed as described above, the porosity rate of the 
middle porosity rate layer 12M is different from one of the high porosity rate layer 12H, 

25 and therefore, a big distortion is generated in these interfaces and around these interfaces, 
and then intensity in these parts becomes extremely weak. However, the effect of the 
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distortion on the surface of the porous layer, which is easy to receive effect by this 
distortion greatly, can be relieved, because there is the middle porosity rate layer 12M 
between the high porosity rate layer 12H and the surface layer 12S, which acts as a buffer. 
Therefore, the effect on the crystallinity by epitaxial growth to be performed on the porous 
5 layer later can be evaded effectively, by this distortion. 

[0067] Since then, in an ordinary pressure Si epitaxial growing device to epitaxially grow 
later, the semiconductor substrate 11 having the porous layer 12 is heated at 1100°C in H 2 
atmosphere, namely annealing treatment is carried out thereon. This annealing takes 
about 20 minutes to raise temperature from room temperature to 1100°C, and the annealing 

10 treatment is performed for about 30 minutes at 1100°C. By this H 2 annealing, the surface 
layer with the pores whose apertures are small gets smooth in flatness. Simultaneously, 
separation intensity becomes much weaker around the interface between the middle 
porosity rate layer 12M and the high porosity rate layer 12H, inside of the porous layer 12. 
[0068] After that, in the ordinary pressure Si epitaxial growing device in which H 2 

15 annealing is treated, a Si semiconductor film 13 is formed by the Si epitaxial growth on the 
porous layer 12, namely the surface layer 12S (FIG 2E). In this epitaxial growth, the Si 
epitaxial growth with SiHU gas is performed for 17 minutes, reducing annealing 
temperature in the former H 2 atmosphere from 1100°C to 1030°C. And thus, the Si 
epitaxial semiconductor film 13 of about 5 l± m in thickness, which is superior in 

20 crystallinity is formed on the porous layer 12. 

[0069] At this time, if there are depressions on the surface of the Si epitaxial 
semiconductor film 13, this surface is polished. The high porosity rate layer 12H 
becomes like a frost column and fragile by the distortion described above and by the high 
porosity rate, so that the separation intensity becomes very weak. And therefore, it is 

25 polished in weak force so as not to damage this. This makes the surface of the epitaxial 
semiconductor film 13 flatter. As thus, for example, mask alignment of an exposure 
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equipment can be realized with higher accuracy. 

[0070] The semiconductor film 13 is separated from the semiconductor substrate 11. First, 
a supporting substrate 61 comprised by a PET (polyethylene terephthalate) sheet is 
connected to the top of the semiconductor film 13 with an adhesive agent 60 (FIG 2F). 
5 [0071] At this time, the adhesive strength of the supporting substrate 61 has stronger 
intensity than the intensity for separating the porous layer 12 from the semiconductor 
substrate 11, namely it is an adhesive strength such that peeling is not generated in the 
supporting substrate 61 on the occasion of the separation. 

[0072] Next, external force in a direction separating the semiconductor substrate 11 from 
10 the supporting substrate 61 is given therebetween. As thus, the separation is generated in 
the high porosity rate layer 12H of the porous layer 12, whose density is assumed to be 
weak, as described above, or the neighborhood, and the semiconductor film 13 in which 
the integrated circuit is formed with the supporting substrate 61 is peeled from the 
semiconductor substrate 11 (FIG 2G). 
15 [0073] And thus, the flexible semiconductor film 13 of 5 ttm in thickness for example, 
which is adhered to the flexible substrate 61, is formed. 

[0074] And in this case, there is a porous film 22 of 5 Mmin film thickness, which is a 
remaining portion of the porous layer 12 recrystallized by the annealing in H2 atmosphere 
described above on a separation face of the semiconductor substrate 11 from the 

20 semiconductor film 13. 

[0075] The porous film 22 remained in this semiconductor substrate 11 is etched and is 
removed. In the etching of this porous film 22, the semiconductor substrate 11 is soaked 
in a chemical, for example, hydrofluoric nitric acid, namely etchant by a liquid mixture 
with hydrofluoric acid HF, nitric acid HNO3 and aqua H 2 0. Thus, the porous film 22 is 

25 etched and removed (FIG 2H). 

[0076] And further, this semiconductor substrate 11 is electropolished by the anodic 
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oxidation device shown in the above FIG 7. In this case, an electrolytic solution which is 
HF : C2H5OH = 1 : 2 is poured in each tank 1A and IB. And electricity of 200 mA/cm 2 is 
conducted between Pt electrodes 3A and 3B for 15 seconds. At this time, the surface of 
the semiconductor substrate 11 is electropolished, and a face having good crystallinity is 
5 exposed on the substrate surface. 

[0077] In this way, the steps described in the above FIG. 1 and FIG 2 are repeated, by 
recycling the semiconductor substrate 11 whose face having good crystallinity is exposed, 
and then, a plurality of pieces of thin film semiconductors can be obtained. 
[0078] (Embodiment 2) Also in this embodiment, the porous layer 12 which consists of the 

10 surface layer 12S and the high porosity rate layer 12H in the middle porosity rate layer 
12M is formed in the surface of the semiconductor substrate 11, by adopting the same 
method as embodiment 1 and the steps explained in FIG 1 A to FIG ID. 
[0079] And in this embodiment, annealing is performed in oxygen atmosphere at 400°C for 
1 hour with using a diffusion furnace, after forming this porous layer 12. The interior of 

15 the porous layer 12 is oxidized by this disposal, and a major structural change by annealing 
in H2 atmosphere to be performed after this can be prevented from generating in the porous 
layer, and the effect on the surface layer 12S by the distortion which occurs around the 
interface of the high porosity rate 12H can be evaded more effectively. 
[0080] After that, as in the embodiment 1, the annealing in H2 atmosphere is performed 

20 with an ordinary pressure Si epitaxial growing device, and then the semiconductor film 13 
of 5 Mm in thickness which is superior in crystallinity is formed by the Si epitaxial 
growth as the embodiment 1 (FIG 2E). 

[0081] At this time too, when there are depressions on the surface of the Si epitaxial 
semiconductor film 13, this surface is polished. The high porosity rate layer 12H 
25 becomes like a frost column and fragile by the distortion described above and by the high 
porosity rate, and the separation intensity becomes very weak, and therefore, it is polished 
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in weak force so as not to damage this. This makes the surface of the epitaxial 
semiconductor film 13 flatter. As thus, for example, mask alignment of an exposure 
equipment can be realized with higher accuracy. 

[0082] The semiconductor film 13 is separated from the semiconductor substrate 11 by the 
5 same method as the embodiment 1 (FIG 2F, FIG 2G). 

[0083] In this way, the flexible semiconductor film 13 of 5 Mm in thickness for example, 
which is adhered to the flexible substrate 61, is formed as in the embodiment 1. 
[0084] And also in this case, there is a porous film 22 of 5 U m in film thickness, which is 
a remaining portion of the porous layer 12 recrystallized by the annealing in H 2 atmosphere 
10 described above on a separation face of the semiconductor substrate 11 from the 
semiconductor film 13. 

[0085] After that, in this embodiment, this porous film 22 remaining in the semiconductor 
substrate 11 is etched and removed, by soaking the semiconductor substrate 11 in etchant 
by an liquid mixture with hydrofluoric acid, hydrogen peroxide H 2 0 2 , and aqua H 2 0 (FIG 
15 2H). 

[0086] And further, this semiconductor substrate 11 is electropolished by the anodic 
oxidation device shown in FIG 7. In this case, an electrolytic solution which is HF : 
C 2 H 5 OH = 1 : 2 is poured in each tank 1A and IB. Then, electricity of 200 mA/cm 2 is 
conducted between Pt electrodes 3A and 3B for 15 seconds. At this time, the surface of 
20 the semiconductor substrate 11 is electropolished, and a face having good crystallinity is 
exposed on the substrate surface. 

[0087] In this way, the same step is repeated by recycling the semiconductor substrate 11 
whose face having good crystallinity is exposed, and then a plurality of pieces of thin film 
semiconductors can be obtained. 
25 [0088] Next, one embodiment for the case of producing a solar battery in the present 
invention is explained. 
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[0089] (Embodiment 3) Although FIG 3 and FIG. 4 is referred to explain, but also in this 
embodiment, the porous layer 12 consisting the surface layer 12S, the middle porosity rate 
layer 12M and the high porosity rate layer 12H formed therein is formed in the surface of 
the semiconductor substrate 11 by the anodic oxidation, with taking steps shown in FIG 
5 1A to FIG ID by the same method as the embodiment 1. Then, the annealing in H2 
atmosphere as explained in the embodiment 1 is performed, and then the semiconductor 
film 13 is epitaxially grown (FIG 3A). The semiconductor film 13 in this embodiment 
has p + -p" -n + , a three-layer structure. 

[0090] In the epitaxial growth of this semiconductor film 13, the epitaxial growth using 

10 SifL* gas and B 2 H 6 gas is performed for 3 minutes in the ordinary pressure Si epitaxial 
growing device in which the annealing is performed inside of H2 atmosphere, and then a 
first semiconductor layer 131 by the p + Si into which boron B at 10 19 atoms/cm 3 is added is 
formed. Next, a flow rate of B 2 H6 gas is changed, and the Si epitaxial growth is 
performed for 10 minutes, and then a second semiconductor layer 132 by p" Si in low 

15 concentration into which boron B at 10 16 atoms/cm 3 is added is formed. Furthermore, 
PH 3 gas is provided instead of B 2 H 6 gas, and epitaxial growth is performed for 4 minutes, 
and then a third semiconductor layer 133 by n + Si into which phosphorus P at 10 19 
atoms/cm 3 with high density is added is formed on the p" epitaxial semiconductor layer 132. 
Thus, the semiconductor film 13 having the p + -p" -n + structure comprising the first to third 

20 epitaxial semiconductor layers 131 to 133 is formed. 

[0091] Next, in this embodiment, a Si0 2 film, namely a transparent insulating film 16 is 
formed on the semiconductor film 13 by surface thermal oxidation, and openings 16W 
which contacts with electrodes or wirings are formed by pattern etching with 
photolithography (FIG 3B). This openings 16W can be formed, holding an indispensable 

25 spacing, in parallel array in a stripe-shape extending in the direction perpendicular to paper 
in the drawings. The Si0 2 film formed as described enables the carrier generation and the 



rejoining in the interface to be reduced as much as possible. 

[0092] Then, a metal film is deposited overall, and electrodes or wirings 17 of a light 
receiving face side are formed along the stripe-shaped openings 16W by the pattern etching 
with the photolithography (FIG 4C). The metal film which forms the electrodes or 
5 wirings 17 can be constituted by a multilayer structure film formed sequentially by 
depositing, for example, a Ti film of 30 nm in thickness, Pd of 50 nm in thickness, and Ag 
of 100 nm in thickness, and further, by depositing Ag plates thereon. And then, annealing 
is performed at 400°C for 20 to 30 minutes. 

[0093] Next, in this embodiment, conduction lines 41, which is a metal wire in this 
10 particular embodiment, is jointed on the stripe-shaped electrodes or wirings 17 accordingly, 
and a transparent substrate 42 is jointed thereon by transparent adhesive 21 (FIG 4D). 
The conductivity (sic) 41 can be jointed to the electrodes or wirings 17 by soldering. And 
each end of the conduction lines 41 is respectively lengthened more than the electrodes or 
wirings 17 so as to protrude outside. 
15 [0094] After that, external force to separate each other is given to the semiconductor 
substrate 11 and the transparent substrate 42. And thus, the semiconductor substrate 11 
and the epitaxial semiconductor film 13 are separated in the weak high porosity rate layer 
12H of the porous layer 12 or around this, and a thin film semiconductor 23 in which the 
epitaxial semiconductor film 13 is connected over the transparent substrate 42 is provided 
20 (FIG 5E). 

[0095] In this case, the porous layer 12 remains in the back face of the thin film 
semiconductor 23, but silver paste is applied thereon, and additionally, a metal plate is 
connected and thus other back electrode 24 is constituted. In this way, a solar battery in 
which the thin film semiconductor 23 of the p + -p" -n + structure is formed to the transparent 
25 substrate 42 is constituted (FIG 5F). This metal-electrode 24 functions also as a 
protective film for a device layer of the solar battery back. 



[0096] Although the electrodes or wirings 17 of the light receiving face side is covered 
with the transparent substrate 42, the solar battery formed in this way can be 
electrically-connected with the outside easily because the electricity is derived to the 
outside from these by the conduction lines 41. In addition, for example, as in the 
5 embodiment described above, series resistance of the solar battery can be small enough, by 
getting to derive each conduction lines 41 from each of a plurality of electrodes or wirings 
17 contacted with the epitaxial semiconductor film 13, namely with an activity part of a 
back side of the solar battery. 

[0097] And similar etching and electrolytic etching are performed as in embodiment 1 for 
10 the semiconductor substrate 11 which peels the solar battery, namely the semiconductor 
film 13. In other words, the porous film 22 is etched and removed by etching with 
hydrofluoric nitric acid, and further, this semiconductor substrate 11 is electropolished by 
using the anodic oxidation device shown in FIG 7. In this case, an electrolytic solution 
which is HF : C 2 H 5 OH = 1 : 2 is poured in each tank 1A and IB. And electricity of 200 
15 mA/cm 2 is conducted between Pt electrodes 3A and 3B for 15 seconds. Then, the surface 
of the semiconductor substrate 11 is electropolished and a face having good crystallinity is 
exposed to the substrate surface (FIG 6). 

[0098] In this way, the step or the like for forming the semiconductor film 13 same as 
mentioned above is repeatedly processed to the semiconductor substrate 11 whose face 
20 having the good crystallinity is exposed, and thus a plurality of pieces of solar batteries can 
be obtained. 

[0099] In addition, the peeling from the semiconductor substrate 11 of the epitaxial 
semiconductor film is performed by giving external force to separate each other in each 
embodiment described above, but in some cases the peeling can be realized by an 
25 ultrasonic wave vibration. 

[0100] In the anodic oxidation of each embodiment described above, when peeling of a 
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semiconductor, for example, Si is generated by the high current density or the long time 
electric conduction, and this generates a Si scrap and it adheres to inside of the device, for 
example, in an electrolytic solution tank, the unnecessary Si deposit can be dissolved and 
removed by injecting hydrofluoric nitric acid liquid into the tank after the semiconductor 
5 substrate 11 is taken out. In addition, a device in which a semiconductor substrate is 
soaked in a single-tank structure can be used as the device for performing the anodic 
oxidation without limiting to the example of FIG 7. 

[0101] In addition, as for a semiconductor substrate whose thickness is decreased by 
manufacturing a thin film semiconductor and a solar battery, epitaxial growth of a 
10 semiconductor whose thickness corresponding to this decreased thickness is carried out, 
and thus the above-mentioned thin film solar battery is repeatedly manufactured, so that 
the same semiconductor substrate becomes possible to be used eternity, and therefore, the 
solar battery can be produced in lower cost and lower energy. 

[0102] According to the manufacturing method of the present invention described above, 
15 in the semiconductor substrate, the porous layer is formed in the surface and the epitaxial 
growth of the semiconductor is performed thereon, and then this is peeled, and thus, the 
semiconductor substrate is consumed corresponding to only the thickness which is made 
porous. However, after the formation and the peeling of the epitaxial semiconductor film 
described above, the semiconductor substrate surface is removed by etching and 
20 electrolytic etching, so that a desired thin film semiconductor, namely a plurality of various 
semiconductor devices of a thin film and half pattern, for example, which is flexible, can 
be manufactured at a low price by using again this semiconductor substrate 11 repeatedly. 
[0103] In addition, the semiconductor substrate 11 becomes thin by forming the porous 
layer, but the thickness can be compensated by epitaxially growing the semiconductor 
25 whose thickness corresponds to a decrease in this thickness on the semiconductor substrate 
11. In addition, when the thickness is not compensated and the thickness becomes thin, 
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this semiconductor substrate in itself can be used as a thin film semiconductor, and for 
example, a solar battery can be manufactured too. Thus, the semiconductor substrate is 
not invalidated finally and most of its can be used without wasting, and therefore this can 
reduce the cost. 

5 [0104] In addition, in the manufacturing method of the present invention, when electrolytic 
etching is finally performed, after that, the next step for forming the porous layer 12 can be 
conducted in succession. 

[0105] In addition, according to the manufacturing method described above, the supporting 
substrate 42 is connected over the semiconductor film 13, and the substrate and the 

10 epitaxial semiconductor film are integrated, and then a method for peeling the substrate 
with the epitaxial semiconductor film from the semiconductor substrate can be adopted. 
Therefore, this substrate is not limited in the type, and a single-crystal thin film 
semiconductor can be formed on a flexible printed circuit board, a rigid printed wiring 
board, and the substrate such as a metal plate, ceramic, glass, and resin, which is not 

15 absolutely conceivable in common sense of the conventional semiconductor technique, or 
the solar battery can be formed. 

[0106] In addition, in the case of a method for making the semiconductor layer epitaxially 
grown on the porous layer having merely a single porosity rate, it is necessary that the 
porosity rate of the porous layer which becomes a nucleus of crystal growth is made small 

20 in order to make crystallinity of the semiconductor film well, and therefore, in the anodic 
oxidation, it is necessary that current density is made low and that HF mixing ratio of an 
electrolytic solution is increased. However, when the porosity rate becomes low as 
described above, the porous layer becomes hard and the separation of an epitaxial 
semiconductor film becomes difficult. Thus, among the conditions of the anodic 

25 oxidation, for example, when the current density is made high and the HF mixing ratio of 
the electrolytic solution is reduced so that the porosity rate is increased for weakening the 
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separation intensity, in this case, the separation becomes easy, but the crystallinity of the 
epitaxial semiconductor film becomes extremely bad. However, according to the method 
described above, the porous layer having a property of a bilateral character, which has a 
small porosity rate for the surface section of the porous layer and a big porosity rate for the 
5 interior of the porous layer, is formed, and therefore, the epitaxial semiconductor film can 
be formed on the porous layer well, and additionally the epitaxial semiconductor film can 
be separated easily. For example, it is also possible to form such a weak porous layer that 
is easily separated by an ultrasonic wave easily can be formed. 

[0107] In addition, in the high porosity rate layer to be formed on the porous layer, when 
10 the porosity rate becomes bigger, the peeling becomes easier, but a distortion becomes big, 
which affects the surface layer of the porous layer. Therefore, sometimes the surface 
layer may crack. In addition, when the epitaxial growth is performed, it becomes a cause 
that makes a fault in an epitaxial semiconductor film. However, in the method described 
above, a high quality epitaxial semiconductor film in which peeling is easy can be formed 
15 by forming a middle porosity rate layer whose porosity rate is slightly higher than the 
surface layer between a layer whose porosity rate is very high and the surface layer whose 
porosity rate is low, as a buffer layer for relieving the distortion generated from these 
layers. 

[0108] In addition, in the anodic oxidation with high current density according to the 
20 method described above, when current is applied at intervals, the high porosity rate layer in 
the porous layer can be formed in the semiconductor substrate side interface thereof or 
around that. And in this case, the surface can be maximally isolated from the high porous 
layer which becomes a peeling layer. Therefore, the buffer layer can be made thin, the 
thickness of porous layer can be reduced and a consumption of the thickness-decreased 
25 direction of the semiconductor substrate can be reduced, and the cost becomes possible to 
be decreased further. 
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[0109] In addition, in the anodic oxidation with low current density, a function of the 
buffer layer can be improved further in forming it so as to increase gradually the porosity 
rate of the buffer layer between the surface layer and the peeling layer of the porous layer 
as closer to the inside by increasing current flow more gradually. 
5 [0110] In addition, the porous layer can be formed easily by conducting the anodic 
oxidation in an electrolytic solution containing hydrogen fluoride and ethanol or in a liquid 
mixture of hydrogen fluoride and methanol. In this case, when current density of the 
anodic oxidation is changed, the adjustable range of the porosity rate is increased further, 
by changing composition of this electrolytic solution also. 

10 [0111] In addition, the epitaxial semiconductor film having good crystallinity can be 
formed, because generation of depressions in the surface of the porous layer can be 
reduced or avoided by avoiding irradiation with visible radiation in the anodic oxidation. 
[0112] In addition, the surface of the surface layer of the porous layer becomes smooth and 
the epitaxial semiconductor film having good crystallinity can be formed, by heating it in 

15 hydrogen gas atmosphere after forming the porous layer. And the interior of the porous 
layer is oxidized, by thermal-oxidizing the porous layer before the heating step in the 
hydrogen gas atmosphere after forming the porous layer. And thus, a big change of the 
structure is hard to generate in the porous layer even if the annealing in hydrogen of the 
next step, and the distortion from the interior becomes hard to reach the surface of the 

20 porous layer, and therefore, an epitaxial semiconductor film having good crystallinity can 
be formed. 
[0113] 

[Effect of the InventionJAccording to the manufacturing method of the present invention, a 
porous layer is formed in a semiconductor substrate surface, and a semiconductor film is 
25 grown thereon, and then this is peeled from the semiconductor substrate in the porous layer, 
and thus, a thin film semiconductors having good crystallinity can be produced easily, 
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authenticity, and at a low price. Furthermore, in the present invention, the semiconductor 
substrate is effectively used and it can be constituted at a lower price, because the 
semiconductor substrate left becomes possible to be recycled by removing the porous 
layer. 

5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG 1 is a flow chart (the 1st) showing one embodiment of the present invention method. 
A to D are cross-sectional views showing each of the steps. 

FIG 2 is a flow chart (the 2nd) showing one embodiment of the present invention method. 
E to H are cross-sectional views showing each of the steps. 
10 FIG 3 is a flow chart (the 1st) of another embodiment in the present invention method. A 
and B are cross-sectional views showing each of the steps. 

FIG 4 is a flow chart (the 2nd) showing another embodiment in the present invention 

method. C and D are cross-sectional views showing each of the steps. 

FIG 5 is a flow chart (the 3rd) showing another embodiment the present invention method. 
15 E to F are cross-sectional views showing each of the step. 

FIG 6 is a flow chart (the 4th) showing another embodiment the present invention method. 

FIG 7 is a block diagram showing an example of an anodic oxidation device conducting 

the present invention method. 

[Description of the Reference Symbols] 
20 11 semiconductor substrate, 12 porous layer, 12M middle porosity rate layer, 12H high 

porosity rate layer, 13 semiconductor film, 131 first semiconductor film, 132 second 

semiconductor film, 133 third semiconductor film, 41 conduction line, 42 transparent 

substrate 



